An immunoglobulin M (IgM) class monoclonal antibody raised against Japanese encephalitis virus reacted with an epitope on the nonstructural virus protein P74 (NV4 in the old nomenclature) of several flaviviruses and also with an antigen present in the nuclei of a variety of mammalian cell types. This antigen had a characteristic granular distribution by immunofluorescence and may correspond to a polypeptide of molecular weight 56,000 seen in nitrocellulose transfers of sodium dodecyl sulfate-polyacrylamide gels. Cross-reactivity with nuclear antigen was also occasionally observed in the IgM antibody fraction of mice early after infection with Japanese encephalitis virus and also in acute sera from some clinical cases of encephalitis containing virus.
An immunoglobulin M (IgM) class monoclonal antibody raised against Japanese encephalitis virus reacted with an epitope on the nonstructural virus protein P74 (NV4 in the old nomenclature) of several flaviviruses and also with an antigen present in the nuclei of a variety of mammalian cell types. This antigen had a characteristic granular distribution by immunofluorescence and may correspond to a polypeptide of molecular weight 56,000 seen in nitrocellulose transfers of sodium dodecyl sulfate-polyacrylamide gels. Cross-reactivity with nuclear antigen was also occasionally observed in the IgM antibody fraction of mice early after infection with Japanese encephalitis virus and also in acute sera from some clinical cases of encephalitis containing virus.
IgM antibody to Japanese encephalitis Japanese encephalitis (JE) virus is a member of the mosquito-borne flaviviruses. It produces epidemics, often of a severe nature, in eastern Asia from Japan and the southeastern USSR to Indonesia and India (1) . Its replication cycle in mammalian cells is thought to be confined to the cytoplasm, and nuclear fluorescence has never been reported (25) . There is, however, evidence of a nucleus-associated process in its replicative cycle, since the yield of JE virus was severely depressed in enucleated chicken embryo cells (10) . It was suggested that either loss of nuclear membranes during enucleation or loss of a hostmediated process involving modification of the viral genome could be responsible for the depressed yield of virus.
On the basis of hemagglutination inhibition and neutralization tests, cross-reactivity has been detected between JE virus and several other flaviviruses (5, 17, 22) ; nevertheless, the significance of this antigenic cross-reactivity and its relevance to the pathogenesis of the flaviviruses are unknown. We are currently producing monoclonal antibodies against several of the flaviviruses. Here we describe the properties of one of the monoclonal antibodies prepared against JE virus. It produced bright nuclear immunofluorescence in both infected and noninfected vertebrate cell cultures as well as the characteristic cytoplasmic immunofluorescence seen with flaviviruses. The possible significance of virus-cell related antigens in the pathogenesis of flavivirus infections is discussed. Monoclonal antibody. A cloned hybridoma culture producing the monoclonal antibody designated 62.4a was isolated by standard fusion procedures (9) with the modifications previously described (2) . Immune splenocytes were obtained from BALB/c mice given two intraperitoneal inoculations of live JE virus (Nakayama strain; 0.1 ml of 20% suckling mouse brain suspension) followed by one intravenous dose a week later. Fusion with the nonsecreting myeloma cell line P3-X63-Ag8-653 (8) (20) at a final concentration of 1 ,ug/ml. At 48 h postinfection the cells were washed in warm methionine-free medium and incubated for 90 min in this medium supplemented with 2% dialyzed fetal calf serum and 10 j±Ci of [35S]methionine (1,100 Ci/mmol; Amersham International, Amersham, United Kingdom) per ml. The cells were then washed twice in cold PBS and lysed in 1% sodium dodecyl sulfate-1% 2-mercaptoethanol-100 mM Tris-hydrochloride (pH 6.8)-15% glycerol-0.01% bromophenol blue (0.5 ml per 25-cm2 flask). The lysates were heated at 100°C for 2 min and pipetted rapidly to reduce the viscosity. Samples were analyzed on 8 to 15% polyacrylamide gradient gels (11) , and the separated proteins were electrophoretically transferred to nitrocellulose sheet (23) at 200 to 300 mA for 12 to 16 h in 96 mM glycine-12.5 mM Tris-20% isopropanol. The transferred protein was stained briefly in amido black (23) and destained in 10% acetic acid-10% isopropanol, and protein binding sites were blocked by incubation in PBS-2.5% bovine serum albumin-0.05% NaN3 for 60 min at room temperature with constant agitation. The transfers were incubated with a 1/5,000 dilution of 62.4a ascitic fluid in PBS-2.5% bovine serum albumin-5% fetal calf serum-1% Triton X-100-0.1% sodium dodecyl sulfate for 2 h at room temperature with constant agitation. The protein was washed three times for 5 min each in PBS-0.05% Triton X-100 and then incubated with a 1/1,000 dilution of peroxidase-conjugated anti-mouse globulin (Miles Laboratories) for 1 To determine the specificity of the nuclear staining, a broad spectrum of both vertebrate and invertebrate cell cultures was examined by indirect immunofluorescence with 62.4a monoclonal antibody and anti-mouse-IgM(Fc) conjugate. All cells of mammalian origin, which included human (MRC-5 and HEp-2) monkey (Vero), hamster (BHK-21), canine (MDCK), porcine (PS), and mouse (CCL 9.1, primary BALB/c, and primary TO) cultures were found to contain the same nuclear antigen (showed bright fluorescence in the nuclei of the cells). The percentage of positive cells varied from 25 to 95%, depending on the density of cells and their age since subculturing. Subconfluent cell monolayers generally showed a lower percentage of nuclear antigen-positive cells. An increase of positive nuclei was observed as cell density increased. Cultures of primary chicken embryo fibroblasts, mosquito (AP61), and X. laevis (XL-2) cells, on the other hand, did not produce nuclear fluorescence despite the fact that JE virus can replicate and produce cytoplasmic fluorescence in these cells.
MATERIALS AND METHODS
Determination of molecular specificity. The specificity of antibody 62.4a was determined by examining the ability of nitrocellulose transfers of electrophoretically separated proteins of cell lysates ("Western blots") to bind the antibody. Virus-specific proteins on the transfers were identified by comparing the proteins labeled in a 90-min pulse of [ 5S]methionine in infected and uninfected cells. The larger virus-specific proteins were clearly visible against a background of continuing host protein synthesis (Fig. 2,  tracks a and b ). Antibody binding was tested under two sets of conditions: (i) with low levels of cell protein loaded on the gel (equivalent to about 2.5 x 104 cells), and high dilutions of monoclonal antibody (1/5,000 dilution of ascitic fluid), or (ii) with higher levels of cell protein (5 X 104 cells) and lower dilution of antibody (1/500). The only virus-specific protein capable of binding antibody under either set of conditions was the nonstructural protein P74 (previously known as NV4 [20] ) (Fig. 2, tracks c and e). This protein is thus unequivocally identified as the virus-specific target for antibody 62.4a. The antibody was also capable of binding to two classes of cellular proteins which were found in infected and uninfected cells. Under conditions of high antigen and antibody concentration, several proteins appeared to bind antibody (Fig. 2,  tracks c and d) . However, with lower antigen and antibody concentrations, only a single cellular protein with an apparent molecular weight of 56,000 was able to bind observable quantities of antibody (Fig. 2 , tracks e and f), indicating that this protein has a higher affinity for the antibody than the other cellular proteins. It capsid protein (2) and also active on Western blots. These experiments suggest that the characteristic nuclear fluorescence seen with antibody 62.4a is probably associated with the 56,000-molecular-weight protein, but the possibility that the other cellular proteins with lower binding affinity may be involved cannot be ruled out.
Antibody production in mice infected with JE virus. Conventional JE virus hyperimmune antisera produce cytoplasmic fluorescence, but do not produce nonspecific nuclear staining of mammalian cells (data not shown). We have, however, qualitatively reexamined the chronological aspects of the antibody response in JE virus-infected mice. Adult BALB/c mice inoculated intraperitoneally with 103 PFU of JE virus were bled daily, and their sera were examined by immunofluorescence for IgM antibodies to JE virus. With JE virus-infected Vero cells, cytoplasmic fluorescence was first detected with anti-IgM antibody on the day 3 postinfection. The sera from 3 of 15 mice produced both nuclear and virus-specific cytoplasmic fluorescence 3 to 5 days postinfection (Fig. 3a) . Sera from uninfected mice gave no fluorescent staining. JE virus-specific IgG antibody producing only cytoplasmic fluorescence was detectable from day 4 postinfection (Fig. 3b) . Finally, 18 of 26 human sera from cases of suspected JE encephalitis in Nepal produced IgM-specific nuclear fluorescence similar to that described above. This was shown not to be due to rheumatoid factor by using a Rheum-Wellcotest kit (Wellcome Laboratories, Beckenham, England).
DISCUSSION
The monoclonal antibody 62.4a described here gives a characteristic diffuse cytoplasmic fluorescence in cells infected with JE virus and with a number of other flaviviruses. In addition, the antibody gives rise to speckled nuclear fluorescence in uninfected or infected cells of mammalian origin. These two activities were not separable either by repeated cloning of the hybridoma line or by absorption experiments, suggesting that both reside on the same immunoglobulin, and thus that the virus-specified protein and the protein found in mammalian nuclei possess identical or closely related epitopes.
The virus-specified protein carrying the epitope is definitively identified by Western blot analysis as P74, a protein found in abundance in JE virus-infected cells (3), but which does not form part of the extracellular virus structure. As far as we are aware this is the first monoclonal antibody directed at a nonstructural protein of a togavirus to be found. Identification of the host protein recognized by antibody 62.4a in nitrocellulose transfers of sodium dodecyl sulfate-polyacrylamide gels cannot be so positive, since the reaction with the candidate 56,000-molecularweight protein is much weaker, and other cellular proteins also bind the antibody, although with lower affinity. The relative weakness of the reaction with the 56,000-molecular-weight protein reflects the difference in apparent antibody titer for viral and nuclear antigen seen by immunofluorescence and may be due to relatively low levels of the host protein as compared with viral P74 in the cells or to a lower affinity of the host protein for the antibody due to differences in the epitope structure. The ability of the host protein to penetrate the nitrocellulose membrane also suggests that it does not bind efficiently and may be partially lost on transfer.
The existence of monoclonal antibodies that react with more than one antigen is expected on theoretical grounds (4, Lane and Hoeffler (12), or arise purely by chance remains to be determined, as does the significance of such antigenic similarities in the immunopathology of flavivirus infections. The cross-reactivity of antibody 62.4a with several other antigenically related flaviviruses that follow similar replicative pathways demonstrates that the antigen is not unique to JE virus. On the other hand, there is no correlation between the cross-reactivity with other flaviviruses and the serological subgrouping of them suggested by Porterfield (17) .
That the chicken, mosquito, and X. laevis cells did not contain detectable 62.4a-reactive nuclear antigen is noteworthy, since it is known that many flaviviruses readily establish noncytopathic infections in these cell lines, particularly in mosquito cell cultures (15, 18) .
Finally, although 62.4a antibody was induced in response to a JE virus-specific antigen, its production also represents an autoantibody respone in BALB/c mice. IgM class autoantibodies have been detected after virus infection; these include rheumatoid factors as well as various antinuclear antibodies (6, 7, 14, 16, 21) . Whether the appearance of antibody against nuclear antigens in experimentally infected mice or in humans infected with JE virus is significant cannot yet be determined; nevertheless it is hoped that the demonstration of virus-specific monoclonal antibodies which also react with cellular antigens could contribute toward under- 
